Abstract | Background: Health-related control and self-efficacy beliefs can be assessed in the general population using Multidimensional Health Locus of Control-A subscales (MHLC-A) and the General Self-Efficacy Scale (GSES), respectively. Objective: To test construct validity, internal consistency, reliability (test-retest) and ceiling and floor effects of Portuguese-Brazil versions of MHLC-A and GSES. Method: Civil servants (N=2901) enrolled in a large Brazilian cohort were included. A new version of the GSES was produced (GSES-Brazil). Procedures for cross-cultural adaptation and testing of psychometric properties followed well-accepted international guidelines. Keywords: psychometric properties; measurement instruments; health-related control beliefs; self-efficacy, ELSA-Brasil.
Introduction
Engagement is one of the core elements of the chronic care model, which is the framework for patientcentered disease management in modern healthcare [1] [2] [3] . When it comes to the patients' perspective, engagement can be understood under a tripartite definition, which includes their recognition of the importance to play an active role in their own health and health care, their self-management capability, and health-promoting behaviors 4 . Increasing attention has been given to the development of strategies that empower individuals to engage in the prevention and management of long-term illnesses 5, 6 . This has also been recently set as a major goal for the physical therapy profession. According to the president of the World Confederation for Physical Therapy (WCPT), physical therapists are urged to discuss efficient ways "[...] to work with patients and clients to ensure that the health behavior changes that are important to sustainable healthy lives are owned by them" 7 . Health locus of control and self-efficacy are psychological constructs derived from social learning theories 8 that can influence engagement. Health locus of control refers to cognitions regarding the location where one's control over health resides: in the individual or in external factors over which the individual has little control 9 . Bandura has described self-efficacy as the "[...] belief in one's capabilities to organize and execute the courses of action required to manage prospective situations [...]" (p. 2)
10
. Individuals with high self-efficacy are regarded as those who believe in their competency to deal with life stressors
11
. Thus, health locus of control and self-efficacy relate to different phenomena that can interact to produce and to maintain changes in health behavior 12, 13 . For example, a person with strong beliefs in his/her own actions to determine health outcomes (i.e. internal locus of control) and with a high sense of personal mastery over the environment and health (i.e. high self-efficacy) would be more likely to engage in the necessary behaviors to preserve or restore health. This has been supported by cumulative evidence from studies linking these two constructs to treatment adherence and long-lasting healthy behaviors [14] [15] [16] [17] [18] [19] [20] [21] . However, the way health locus of control and self-efficacy interrelate and how they can affect both the initiation and persistence of certain behaviors (e.g. those that will ultimately influence health and treatment outcomes) are still not clearly understood. Limited evidence has pointed towards a mediation role of self-efficacy in providing control of one's performance in face of stressful situations
22
. Multidimensional Health Locus of Control scales (MHLC) have been developed for the assessment of health-related control beliefs in the general population (MHLC-A and MHLC-B) 23 or in individuals with a pre-existing medical condition (MLHC-C)
24
. MHLC-A and MHLC-B are considered equivalent forms of the same scale, although the former has been more frequently used in the literature. MHLC scales measure the level of agreement with belief statements indicating internal or external health-control beliefs 23 . Self-efficacy can be assessed by the General Self-Efficacy Scale (GSES) 25 , which measures the generalized sense of self-efficacy according to whether individuals agree with statements reflecting a wide range of stressful situations, such as unexpected life events. Self-efficacy can also been assessed by context-specific scales, which measure the sense of personal competence to self-manage specific chronic health conditions (e.g. arthritis 26 , asthma 27 , diabetes 28, 29 , hypertension 30 ), to cope with persistent symptoms (e.g. pain
31
) and/or to perform certain behaviors (e.g. to exercise 32 or return to work 33 ). Given that MHLC-A and GSES have been widely used to assess health beliefs and do not have their application restricted to a target population, these scales were among the instruments selected for use in an ancillary study on musculoskeletal disorders from a large cohort investigating risk and prognostic factors for chronic non-communicable diseases in Brazil: the ELSA-Brasil Musculoskeletal Study (ELSA-Brasil MSK) [34] [35] [36] . Both scales have been previously adapted for use in the Brazilian population and have had some of their psychometric properties tested (e.g. construct validity and internal consistency) [37] [38] [39] [40] [41] . However, the investigation of key properties of the scales was still lacking, such as test-retest reliability and ceiling and floor effects. Additionally, the presence of important semantic and scoring differences between the two available versions of the GSES 38, 40 raised questions on the adequacy of previous adaptation procedures.
The present study aimed to expand prior psychometric research on Portuguese-Brazil versions of MHLC-A and GSES by evaluating measurement properties not previously investigated in the literature, and to test construct (structural and convergent) validity and internal consistency of both scales in participants of ELSA-Brasil MSK. A new process of cross-cultural adaptation of the GSES was also performed prior to psychometric testing of this particular scale.
Method
The study was approved by the ethics and research committee of Universidade Federal de Minas Gerais (UFMG), Belo Horizonte, MG, Brazil (protocol CAAE 0186.1.203.000-06). All participants signed a written informed consent after they had been informed of the nature and details of the study.
Cross-cultural adaptation of GSES
Forward-translation and back-translation of the GSES were performed according to recommendations of the guideline for the process of cross-cultural adaptation of self-report measures 42 (i.e. translators' mother tongue was the target language and they were neither aware of nor informed about the concept of self-efficacy), except for the use of one bilingual translator in either translation process. The use of two translators was judged unnecessary given that previous Portuguese-Brazil versions of the scale 38, 40 could be used for comparison with the newly developed version. This was done by an expert committee formed by the translators and the authors of this study, in order to evaluate the semantic, idiomatic, experiential and conceptual equivalence between the original and all translated versions of the scale, thus allowing the production of the final version for psychometric testing.
The full versions of the scales previously adapted by Souza and Souza 38 and Sbicigo et al. 40 were retrieved through personal communication with the authors. Relevant differences between the two scales included the concept of effort of the original scale (e.g. "I can always manage to solve difficult problems if I try hard enough"), which was reflected in the version of Souza and Souza 38 but not in the version of Sbicigo et al.
40
, and the inclusion of an additional response option ("neither agree nor disagree") to the scoring of the scale adapted by Souza and Souza 38 .
The new version of the Portuguese-Brazil GSES (GSES-Brazil) was pretested on a socioeconomically heterogeneous sample of 15 adults recruited by convenience at the institution where the study was conducted. No relevant issues were identified in the comprehension of the newly developed version of the scale. The GSES-Brazil is described in Appendix 1.
Psychometric testing of MHLC-A and GSES-Brazil

Participants and data collection
Active or retired civil servants enrolled in ELSA-Brasil at the Investigation Center of Minas Gerais (IC-MG), who returned for the second wave of face-to-face interviews and examination of the cohort between September 2012 and October 2014 (corresponding to baseline assessments of ELSA-Brasil MSK), were eligible for inclusion 34, 35 . Data on health-related control and self-efficacy beliefs were collected by trained and certified staff through the application of the MHLC-A and GSES-Brazil during an initial interview at the subject's workplace (initial test). For reliability analyses, a subsample of consecutive subjects who visited IC-MG for further assessments was requested to complete both scales a second time (retest). The time between the initial test and the retest could not be defined a priori, as it was dependent on the date scheduled for participants' return to IC-MG to complete the battery of interviews and examination of the second wave of ELSA-Brasil 36 . The targeted number of participants for test-retest reliability analyses was set at 300, representing three times the minimum sample size considered adequate by the COnsensus-based Standards for the selection of health Measurement INstruments (COSMIN) checklist 43, 44 .
Instruments
The MHLC-A scale adapted to Portuguese-Brazil by Dela Coleta 37 was used for the assessment of health-control beliefs. The MHLC-A includes 18 belief statements subdivided into three 6-item subscales: (1) internality, or the level of control attributed to the individual, e.g. "If I get sick, it is my own behavior that determines how soon I get well again"; (2) externality-powerful others, or the level of control attributed to other persons (e.g. health providers, social leaders), e.g. "Having regular contact with my physician is the best way for me to avoid illness"; and (3) externality-chance, or the level of control attributed to luck, fate or chance, e.g. "No matter what I do, I 'm likely to get sick". Individuals should indicate whether they agree or disagree with each statement on a 6-point Likert scale (1 = strongly disagree; 2=moderately disagree; 3=slightly disagree; 4=slightly agree; 5=moderately agree; 6=strongly agree). The total MHLC-A score for each subscale ranges from 6 to 36 points, with higher scores indicating stronger beliefs in the control attributed to the particular dimension assessed by the subscale 45 . The GSES-Brazil was used to assess general self-efficacy (Appendix 1). Similarly to the original scale 25 , the GSES-Brazil contains 10 statements on the self-perceived competence of the individual to deal with new or difficult tasks, e.g. "I can remain calm when facing difficulties because I can rely on my coping abilities". The scoring structure of the original scale was also retained, as follows: 1=not at all true; 2=hardly true; 3=moderately true; 4=exactly true. The sum of the responses provides a total score ranging from 10 to 40 points, with higher scores indicating a stronger sense of self-efficacy.
Statistical analysis
The responses of the participants to the initial test were used for the analyses of construct (i.e. structural and convergent) validity, internal consistency and ceiling and floor effects. Participants who completed the same scale on two occasions (i.e.test and retest) were included in test-retest reliability analyses.
Structural validity was analyzed by confirmatory factor analyses (CFA). This approach has been recommended when the instrument to be tested has already had its factor structure determined by previous research 46 . The original three-factor and one-factor structures of MHLC-A and GSES-Brazil, respectively, were considered for CFA analyses. The diagonal weighted least squares estimation (DWLS) method with polychoric correlations was used to estimate the factorial model parameters. To evaluate the adequacy of the model, the following goodness to fit statistics were considered: χ 2 (minimum fit function); comparative fit index (CFI); Tucker-Lewis index (TLI); root mean square error of approximation (RMSEA) with its associated 90% confidence interval (CI) and significance level due to a close fit test; weighted root mean square residual (WRMR). The χ 2 statistic is an absolute measure of the discrepancy between the observed covariance matrix and the matrix the model predicts, with smaller χ 2 values and higher probability levels representing better fit of the hypothesized model 47, 48 . The CFI and TLI are incremental relative fit indices that estimate differences between the examined model and a hypothetical null model with unrelated components 47 . CFI and TLI values ≥0.95 are indicative of close fit
49
; however, less conservative cutoffs of 0.80 for TLI and 0.90 for CFI have also been used to indicate a desirable model fit 50, 51 . The RMSEA considers a hypothetical null model where every component is related to other components in the model, and its estimate can be used both descriptively and inferentially
52
. RMSEA values ≤0.05 indicate a close fit, whereas values up to 0.08 indicate an adequate fit 53 . WRMR is a residual-based fit index for ordinal data that measure the (weighted) average discrepancy between the studied sample and the estimated population variances and covariances 48 . WRMR values close to 1.0 or lower denote adequate model fit 48, 54 . The Pearson correlation coefficient (r) was used to investigate convergent validity. To do this, the following a priori hypotheses were formulated: (1) the MHLC-A internality score correlates positively with the GSES-Brazil score (given that beliefs in internal control and self-efficacy are related but not identical constructs, the correlation between them were expected to be moderate; i.e. 0.3≤r≤0.6); (2) the magnitude of the correlation between the GSES-Brazil score and the MHLC-A internality score is higher (≥10%) than that between the GSES-Brazil score and the MHLC-A externality scores (for powerful others and chance subscales).
Internal consistency was analyzed by calculating Cronbach's alpha coefficients and 95% CI, with coefficients between 0.70 and 0.95 considered satisfactory 46 . Ceiling and floor effects were analyzed according to the percentage of participants who achieved the lowest or highest possible scores on each (sub)scale, and were considered present if more than 15% of the sample scored the maximum or minimum points. Test . Alpha coefficients, floor-ceiling effects and ICC were calculated separately for each of the three MHLC-A subscales (i.e. internality; externality-powerful others; externality-chance).
The Statistical Package for the Social Sciences (SPSS Inc., Chicago, USA, version 19.0) was used for all analyses except CFA. The latter was performed by using the latent variable analysis package for structural equation modeling (lavaan 56 ) in the R software for statistical computing (version 3.2.0) 57 .
Results
A total of 2901 civil servants, who were enrolled in ELSA-Brasil and completed MHLC-A and/or GSES-Brazil during baseline assessments of ELSA-Brasil MSK, were included in this study. Of these, 307 and 308 provided data for MHLC-A and GSES-Brazil, respectively, at two occasions (i.e. test and retest). Sociodemographic characteristics (i.e. sex, age, race/ ethnicity, social class, work status and nature of occupation) of the included participants are described in Table 1 . Social class (i.e. low; middle; high) was coded as a summary measure based on the current occupation held by the participant, the expected income based on the education level (i.e. average market value), and the observed income 58 . The nature of occupation was categorized into four groups (i.e.routine, manual; non-routine, manual; routine, non-manual; and, non-routine, non-manual) according to the definitions proposed by Autor et al.
59
. Because of the small amount of missing data, imputation procedures were not required 60 (i.e., item-level missing rate was only 0.2%).
Results of CFA for MHLC-A and GSES-Brazil are described in Table 2 . For MHLC-A, the TLI and RSMEA indices indicated an acceptable global fit for a tridimensional model. Items loading on internality Table 2 . Goodness of fit indices from confirmatory factor analyses (CFA) of GSES-Brazil and MHLC-A. were {1,6,8,12,13,17} , on externality-powerful others were {3,5,7,10,14,18}, and, on externality-chance were {2,4,9,11,15,16}. For GSES-Brazil, the ability of the unidimensional model to reproduce the input covariance matrix was supported by the CFI and TLI indices. The results of χ 2 and WRMR statistics indicated a misfit of the proposed models for both scales ( Table 2) .
Goodness of fit statistic MHLC-A N=2889
GSES-Brazil
Results of convergent validity analyses showed significant correlations at a p=0.01 level (2-tailed) between MHLC-A internality and GSES-Brazil scores (r=0.27, p<0.01), MHLC-A powerful others and GSES-Brazil scores (r=0.14, p<0.01) and MHLC-A chance and GSES-Brazil scores (r=0.07, p<0.01). Results of internal consistency, ceiling and floor effects and test-retest reliability analyses for MHLOC-A subscales and GSES-Brazil are described in Table 3 . The median sample time between the test and the retest of both scales was 26 days (interquartile range, IQR 15 to 42). Post-hoc sensitivity analyses for test-retest reliability was performed excluding participants whose time between the first and second application of the scales was within the highest quartile (i. 
Discussion
This study has investigated the construct validity and internal consistency of two belief scales (MHLC-A and GSES-Brazil) in a large, ethnically and socioeconomically diverse sample of Brazilian civil servants. It has also provided novel data on test-retest reliability and floor-ceiling effects of these instruments.
Prior evidence on structural validity of MHLC-A in Brazil came from the study by Paine et al.
39
, who performed exploratory factor analysis (EFA) on a sample of 280 civil servants, university students and wives of military personal. In accordance to the original structure of MHLC-A, the authors found three factors with eigenvalues greater that 1.00 that accounted for 25% of the total variance 39 . Additionally, a series of principal component analyses (PCA) performed by Dela Coleta 37 and reported in two unpublished studies seem to support the three-factor structure of MHLC-A; however, the lack of detailed information on these analyses preclude any formal conclusions (these have been briefly described in a book chapter 37 , p. 226-227). When it comes to the GSES-Brazil, one previous study conducted by Leme et al. 41 performed CFA to assess the scale's structural validity in a sample of 447 Brazilian adolescents and found goodness to fit indices that support its original one-factor structure (e.g. CFI=0.95; RMSEA=0.06).
CFA in our study has somewhat confirmed the tridimensional and unidimensional structures of MHLC-A and GSES-Brazil, respectively, given than three of the investigated indices (CFI, TLI and RMSEA) were close to the cutoffs recommended for acceptable model fit. Although the significant p-values for χ 2 (<0.001) would imply a model misfit for both scales, this statistic is known to have important drawbacks when the sample size is large (e.g. N>1000). For example, in this situation it may reflect statistically significant but negligible differences between the sample and the model implied matrices 61 . The same concern has been raised by Yu for the WRMR statistic 48 (p. 41, 42) , which has also presented values indicating a poor fit in our sample.
Although we found that internal consistency of MHLC-A subscales was not satisfactory (i.e. cronbach's alpha coefficients <0.70), it was within the range reported in previous studies conducted in other Brazilian samples, as follows: 0.54 to 0.67 for MHLC-A internality, 0.62 to 0.71 for MHLC-A powerful others and 0.51 to 0.78 for MHLC-A chance 37, 39 . The GSES-Brazil presented adequate internal consistency (alpha coefficient >0.80), a result that was also similar to that of previous studies 38, 40, 41 . Table 3 . Psychometric properties (i.e. internal consistency, test-retest reliability and floor-ceiling effects) of MHLC-A subscales and GSES-Brazil. Results of correlation analyses were in line with our pre-set hypotheses, providing further support for the validity of both scales. As expected, the strength of one's beliefs in his or her ability to perform the behaviors required to produce desired outcomes (i.e. high self-efficacy) correlated moderately with higher levels of confidence in the ability to exercise control (i.e. high internality beliefs).
To our knowledge, our study was the first to investigate the test-retest reliability and ceiling and floor effects of Portuguese-Brazil versions of MHLC-A subscales and GSES-Brazil. All (sub)scales presented moderate test-retest reliability, with the ICC 2,1 value for GSES-Brazil nearly reaching the cutoff for substantial reliability. Additionally, there was no evidence of ceiling and floor effects for any of the investigated (sub)scales. Given that the present study was designed as a secondary investigation nested within assessments of a large cohort 36 , the date of the retest for reliability analyses could not be chosen a priori. The use of an arbitrary time between the test and retest was an important limitation in our study. For example, one could question whether personal beliefs assessed by MHLC-A and GSES-Brazil would remain stable over several weeks. However, similar results of sensitivity analyses excluding participants with longer periods between the two applications of the scales suggested no effect of time on our reliability results.
The assessment of health-related control and self-efficacy beliefs in epidemiologic research including non-clinical samples is extremely important for increasing the understanding of the mechanisms by which maladaptive beliefs influence the onset and progression of chronic conditions commonly managed by physical therapists. Our findings support the use of the newly developed version of the GSES-Brazil for the assessment of general self-efficacy in adult Brazilians. On the other hand, the psychometric properties of MHLC-A subscales, particularly internal consistency, were found to be lower than ideal, not reaching the quality standards recommended by current guidelines on health measurement instruments. Therefore, MHLC-A subscales may need further refinements to provide a more psychometrically sound measure of health-related control beliefs in epidemiologic studies.
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